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1 Usage of UL DAI and UL index in DCI format 0/4
- Discuss whether to use UL DAI or UL index in DCI format 0 and 4, when UL-DL configuration 0 is configured in as UL reference configuration.

	Company name
	Views

	CATT
	When UL-DL configuration #0 is used in SIB-1, our preference is to prioritize UL index than UL DAI, i.e. the current UL DCI formats are kept. In this case since UL DAI is not applicable, the existing mechanism for “PUSCH is not adjusted based on UL grant” can be reused, i.e. the number of HARQ-ACK bits on PUSCH is determined by the bundling window size M. 


	NEC
	Whether to use UL DAI or UL index in DCI format 0 and 4 is based on the TDD configuration for eIMTA-enabled UE. 
When UL-DL configuration #0 is used in SIB-1 and eIMTA-enabled UE is configured with TDD configuration#0 via reconfiguration DCI, this 2-bit field is used for UL index. 
When UL-DL configuration #0 is used in SIB-1 and eIMTA-enabled UE is configured with TDD configuration#x other than configuration#0 via reconfiguration DCI, it would be better to use this 2-bit field as UL DAI to assist the HARQ-ACK feedback, otherwise, some PUSCH resource may be wasted. 
If reconfiguration DCI can be successfully detected by UE, then there should be no ambiguity between eNB and UE in terms of the usage of this 2-bit field. 


	Ericsson
	Our understanding is the interpretation of UL index or UL DAI field follows the UL reference TDD configuration, i.e. the TDD configuration indicated in SIB1. If TDD UL-DL configuration 0 is indicated in SIB1, UL index is used so that all UL subframes can be scheduled. If TDD UL-DL configuration 1~6 is indicated in SIB1, UL DAI is used to determine the number of subframes for which the UE needs to feedback HARQ-ACK bits. We think the “dynamic” interpretation of the UL index or DL DAI field will create ambiguity between the UE and the eNB. This happens at the TDD reconfiguration boundaries where the UE has no idea whether UL index or UL DAI should be applied if an UL grant is received before the TDD reconfiguration signaling. 


	Huawei, HiSilicon
	If UL index is used in DCI format 0/4 when UL-DL configuration 0 is configured as UL reference timing and the number of HARQ-ACK bits is determined by the bundling window size of the DL reference configuration, both data and HARQ-ACK performance may be degraded due to more HARQ-ACK bits being  transmitted on PUSCH. 
Therefore, some enhancement can be considered to reduce the combinations, where UL DAI is not available 

·   If actually used UL-DL configuration is 0, 3, 6, the UL index is used in DCI format 0/4 since one DL subframe needs to schedule multiple UL subframes according to UL reference configuration 0. 
·   If actually used UL-DL configuration is 1, 2, 4, 5, the UL DAI can be used in DCI format 0/4, and a default value (10) can be used as UL index. 
Since it could be predefined that UL DAI or UL index is applied according to the radio frame where the UL grant was transmitted, we do not necessarily see any ambiguity issue for eNB and UE at TDD reconfiguration boundaries of interpreting UL DAI or UL index bits.

	Intel
	Our preference is that the interpretation on 2-bit field in the UL grant should follow SIB1 configuration in general. When SIB1 configuration is TDD configuration 0, the HARQ-ACK bits generation reuse the existing solution for the case that PUSCH is not scheduled based on UL grant, i.e. using the bundling window size ‘M’. Dynamic interpreting the 2-bits field (i.e., UL Index or UL DAI) based on ‘actual’ UL/DL configuration could reduce the HARQ payload size, but it may increase eNB complexity to decode two hypothesis on the HARQ-ACK RE mapping because eNB does not know reconfiguration DCI decoding status at UE side as no HARQ-ACK feedback mechanism on reconfiguration DCI is supported.

	ZTE
	Our preference is to interpret the corresponding bits in DCI format 0 and 4 as UL index when UL-DL configuration 0 is configured as UL HARQ reference configuration. In case UL DAI is missing, the size of HARQ-ACK is determined by the size of bundling window.

	InterDigital
	We prefer that interpretation of the DCI’s follows SIB1. When SIB1 indicates configuration 0, then the UL index is used and for all other SIB1 indicated configurations, UL DAI is used. We would like to avoid that ambiguity or possible error cases are introduced between UE and eNB due to changing, i.e. dynamic interpretations of the UL index vs. DL DAI in the received DCI’s upon reconfiguration of the reference configuration.

	Sharp
	Our preference is to follow the SIB1 configuration for DCI format 0/4, i.e. the DCI for UL scheduling should always follow the UL HARQ reference configuration. In case of no UL DAI is available, a UE should use the bundling window size for HARQ-ACK reporting on PUSCH.

	Panasonic
	The 2bits are used as UL DAI in case UL-DL configuration 0 is configured as UL reference configuration and real TDD configuration is configuration 1-6. If real TDD configuration is configuration 0, the 2bits are used as UL index.  In case SIB1 indicates UL-DL configuration 0 as the UL HARQ reference, we think that the 2-bit field in DCI format 0/4 can always carry UL DAI in SF #0, #1, #5, #6. A restriction of DAI presence to only a subset of subframes (like ALU's example below) is not so useful in our view.
The UE should treat UL grants with predefined UL Index bits behaviour, for example:

DCI format 0/4 transmitted in SF #0, #1: UL Index value is set to 10

DCI format 0/4 transmitted in SF #5, #6: UL Index value is set to 01

In this case, all the potential UL SFs can be scheduled in configurations 2-5 which are the ones we think should be optimised. Configurations 1 and 6 would still be supported, although one UL subframe would not be assignable. But we think this is acceptable because eIMTA is addressing improved DL traffic and DL performance (for which DAI is important) and configurations 1 and 6 are not interesting configurations because they don't offer an attractive DL capacity improvement. If configuration 1 is seen as important, according to our analysis this could be handled by defining UL Index bits as 01 for configuration 1.

	NSN, Nokia
	Our preference is that when UL-DL configuration 0 is configured as UL reference configuration, UL index is included in DCI format 0/4.  Since UL DAI is not available, the UE should follow the existing procedures defined for the cases when UL DAI is not available. These procedures include

· Dimensioning of HARQ-ACK codebook on PUSCH by the size of the bundling window

· Selection of the scrambling code based on the number of received DL PDSCH subframes  (HARQ-ACK bundling)

Following this principle, additional error cases due to absence of valid UL-DL reconfiguration indicator can be avoided completely. 

	Qualcomm
	There are some benefits for HARQ-ACK coding efficiency with dynamic interpretation of UL index or UL DAI in DCI format 0/4 when configuration 0 is indicated by SIB1. The size of HARQ-ACK will be determined based on actual scheduled number of DL subframes instead of the size of bundling window. However, there are some issues to be considered. For example, if 2bits is used as UL DAI then how to define the value of UL index? Secondly, if UE cannot decode the reconfiguration DCI, there is ambiguity between eNB and UE regarding interpretation of UL index or UL DAI in DCI format 0/4. If there is no big specification effort we can agree to redefine the 2bits in DCI format 0/4 when UL-DL configuration 0 is configured as UL reference configuration.

	Potevio
	We prefer reusing existing mechanism, i.e. UL index is used in DCI 0/4 and the size of HARQ-ACK is determined by the size of bundling window M when UL reference configuration is UL-DL configuration #0.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell


	We think as a baseline, the 2-bit field in DCI format 0/4 should carry UL index when SIB1 (UL reference) is configuration 0. We are open to some additional optimization if the complexity is reasonable. However, we would like to avoid any ambiguity between eNB and UE regarding the interpretation of the field, which occurs when the field is interpreted as either UL index or DAI based on the actual configuration. As an example of possible simple enhancement, the 2-bit field in DCI format 0/4 can carry UL index in SF #0 and #5, and carry UL DAI in SF#1 and #6 (with UL index value always set to 01). In this case, all the potential UL SFs can still be scheduled, but there is a larger chance that UL DAI value is available, thus helping with PUSCH efficiency. This would be pre-defined behavior by specification, so there will be no ambiguity.

	LGE
	We think that the interpretation of UL index or UL DAI field in DCI format 0 and 4 should follow the UL reference configuration. With this principle, when UL-DL configuration 0 is configured as the UL reference configuration, the corresponding 2-bit field in DCI format 0 and 4 is used as UL index. With regard to the UL DAI value to be assumed at the UE, our understanding is that the current specification was based on the principle that the maximum possible HARQ-ACK bits are assumed. In the conventional operation without TDD eIMTA, this principle can be kept by using the bundling window size M, and under the operation of TDD eIMTA, there is a room for further optimization to reduce the number of assumed HARQ-ACK bits without any possibility of eNB-UE misalignment. To be specific, once a UE receives UL grant which schedules PUSCH in a flexible UL SF, it already knows that a certain set of flexible SFs cannot be used for PDSCH transmissions. For a better understanding, let’s take an example that UL-DL configuration 0 and 5 are configured as UL reference configuration and DL reference configuration, respectively. It is assumed that a UE receives UL grant (with UL index of ‘11’) in DL SF#5 which schedules PUSCH transmissions in both a flexible UL SF#9 and a static UL SF#12. Considering the existing 7 UL-DL configurations, the UE knows that the actual UL-DL configuration applied during the one reconfiguration period can be only UL-DL configuration 0. This is because only UL-DL configuration 0 has two UL SFs in both a SF#9 and a SF#12, and this conclusion is also effective regardless of whether the UE decodes the reconfiguration DCI correctly. So, it is possible to exclude 5 SFs from the total number of SFs which belong to bundling window size 9 in counting the maximum number of HARQ-ACK bits. If the multiple actual UL-DL configuration candidates are derived by this procedure, the UL-DL configuration which has the largest size of DL SF set among these candidates is finally used for counting the maximum number of HARQ-ACK bits. In the above-mentioned example, if a UE receives UL grant (with UL index of ‘11’) in DL SF#6 which schedules PUSCH transmissions in both a static UL SF#12 and a flexible UL SF#13, the UE knows that the actual UL-DL configuration applied during the one reconfiguration period can be one of multiple candidates, i.e., UL-DL configuration 0, 1, 3, 4, and 6. In this case, UL-DL configuration 4 is finally selected by the UE for counting the maximum number of HARQ-ACK bits.

	Samsung
	We prefer to maintain some or full capability for UL DAI. Otherwise, considering that the likely DL reference configuration is #5, the overhead on PUSCH becomes excessive and may not be even possible to support for PUSCH over a few RBs (e.g. as with TCP-ACKs transmissions). DL CA will always make matters much worse if there is no UL DAI. Use of UL DAI can almost always avoid such extremes

	Texas Instruments
	Although it would be good to improve PUSCH overhead a dynamic configuration of UL index or UL DAI may introduce problems at UL/DL reconfiguration. Therefore our current view is that UL index is signaled in DCI formats 0/4 when Configuration 0 is the UL-reference configuration. But we would like to think some more about ALU’s proposal where the switching is fixed by specification.


1.1 Summary of companies’ views for usage of UL DAI and UL index in DCI format 0/4
According to the email discussion, there are three main alternatives. For alternative 2, three schemes were proposed for enabling UL DAI functionality. 

Alternative 1: The UL index is used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration.
· Supporting companies: CATT, Ericsson, Intel, ZTE, InterDigital, Sharp, NSN, Nokia, LGE, Texas Instruments (TBD) , Potevio 
Alternative 2: The UL DAI can be used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration.
Alternative 2-1: Using UL DAI in all subframes and assuming predefined subframe-specific UL index values.

Alternative 2-2: Using UL DAI in all subframes for some of the actual UL-DL configurations.

Alternative 2-3: The usage of UL index or UL DAI in DCI format 0/4 depends on the index of DL/S subframe , e.g., using UL DAI in subframe #1 and #6 (with UL index value always set to 01).

· Supporting companies*: NEC, Huawei, HiSilicon, Panasonic, ALU, ASB, Samsung, Qualcomm (if there is no big specification effort),  Texas Instruments (TBD), LGE ( 2nd preference, against alternative 2-2)
* Supporting companies share the similar views for using UL DAI in DCI format 0/4, but they may not support all alternatives (2-1, 2-2, 2-3) under alternative 2.
1.2 Suggested proposals from email discussion
The majority of companies support either alternative 1 or 2 and these two alternatives have similar number of supporting companies. The email discussion rapporteur suggests continuing discussion in the RAN1 76 meeting on alternatives 1 and 2 from Sec. 1.1. 
2 HARQ-ACK transmission on PUSCH when UL DAI is not transmitted in the latest subframe of bundling window

- Discuss HARQ-ACK feedback on PUSCH, when UL scheduling grant is transmitted earlier than the latest DL subframe within the bundling window, since UL DAI cannot indicate the total number of the subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release within the bundling window.
· Companies to provide the solutions including the impacts to other WGs (if any).
	Company name
	Views

	CATT
	The cases where UL DAI can be problematic (i.e. UL grant can be transmitted earlier than the last DL subframe in the bundling window) are identified as in table 1. For these particular cases, we can simply reuse the mechanism as for UL-DL configuration #0 in SIB-1, i.e. the number of HARQ-ACK bits on PUSCH is determined by the bundling window size M. For other combination of SIB-1 and DL reference UL-DL configuration, the functionality of UL DAI should still hold. This solution does not have impact to other working groups. 
  
Table 1 Cases with “problematic” UL DAI 

SIB-1 UL/DL configuration 

DL-reference UL/DL configuration 

Configuration2 

Configuration4 

Configuration5 

Configuration1 

X 

X 

Configuration6 

X 

X 

X 



	NEC
	If the 2-bit field in DCI format 0 and 4 can be used for UL DAI, then additional row with configuration#0 for SIB-1 UL/DL configuration should be included in CATT’s Table 1. 
Beside determined by the bundling window size M as proposed by CATT, cross-subframe scheduling as discussed in small cell can also be another solution.

	Ericsson
	In case the UL DAI field is valid (based on the discussion from the first bullet), the UL DAI can be used to determine the number of DL subframes for which the UE needs to feedback HARQ-ACK. We see some HARQ-ACK coding efficiency benefit compared to the solution with a fixed M. The eNB could by implementation either indicate a larger UL DAI assuming all later DL subframes within the bundling window will be scheduled or indicate a smaller UL DAI and avoid scheduling all these DL subframes. This also share the same solution with the case when the UL scheduling grant is the latest DL subframe within the bundling window. 
One related case as also mentioned by NEC is how to determine the number of DL subframes for which the UE needs to feedback HARQ-ACK when UL DAI is not available. For this case, the existing principle can be reused and the number of subframes for which the UE needs to feedback HARQ-ACK is M, where M is the size of DL associate index according to the DL reference TDD configuration. 
Besides, we think it could be helpful to discuss whether HARQ-ACK bundling is supported since the UL DAI is used to determine the scrambling sequence assuming HARQ-ACK bundling is supported. 

	Huawei, HiSilicon
	We agree with CATT’s table 1, and Rel-8/9/10 UL DAI mechanism can be reused for the combinations which are not in the Table 1.  For these problematic cases, HARQ-ACK feedback bits can be determined by actually used UL-DL configuration’s M value. This method will reduce the HARQ-ACK codebook size compared with the scheme that codebook size is determined by SIB1 configuration’s M value. 
If the eNB implementation scheme is used to handle this UL DAI issue, this method will introduce scheduling restriction or predicted scheduling for eNB. For example, if SIB1 is configuration 6, DL reference configuration is 5, the UL DAI is transmitted on subframe #5, so it requires eNB to predict the scheduling result for the next 3 DL subframes within the bundling window. We think this method will increase eNB scheduling complexity.   


	Intel
	Our view is to reuse the existing solution defined for the case that PUSCH is not scheduled based on UL grant, i.e. bundling window size M, in order to minimize the standardization efforts. Again, utilizing the actual UL/DL configuration indicated in reconfiguration DCI is not preferable because the decoding status is not known by eNB, which implies additional hypothesis decoding maybe needed. If the HARQ-ACK coding efficiency is indeed concerned by companies on the former solution, we can consider some simple optimization solution as well. For example, assuming DL-reference configuration and SIB-1 configuration is Configuration 2 and 1 respectively as shown in below Figure, we can combine the existing mapping rules like: reusing the existing rule that UL-DAI field is used for HARQ generation for the subframes (SF #4, #5 and #6) that is no later than UL grant subframes (e.g. SF #6), and always mapping HARQ-ACK states for the left subframe (#8) within the same bundling window size according to DL-reference configuration (This rule also is existed for SPS PUSCH case). This solution may to some extend reduce the HARQ-ACK codebook size and no ambiguity occurs between NW and UE.
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	ZTE
	In the current specification, the UL DAI is used to determine the parameters in some cases such as the scrambling sequence for HARQ bundling, the number HARQ-ACK bits for HARQ-ACK multiplexing when this control field is present. Meanwhile, the current specification also provides the solutions when the UL DAI control field is not present or the PUSCH transmission is not based on an UL grant. Therefore, for the question to be concerned, the UE behaviour can follow the same procedures defined in the specification as the PUSCH transmission is not based on an UL grant. No specification effort is needed.

	InterDigital
	Similar to Intel, our view is that the existing solution defined for the case that PUSCH is not scheduled based on UL grant, i.e. bundling window size M, in order to minimize the standardization efforts is used.

	Sharp
	 No specification change is needed, at least from UE perspective. 

This is not a new issue. Similar problem already exists in TDD CA with different UL/DL configurations. A UE follows the detected UL DAI value for HARQ-ACK reporting in all cases. The value of UL DAI is determined by eNB implementation. 

	Panasonic
	If UL DAI is available in this UL grant, it reflects real DL grant number within the bundling window. For later DL subframes within the bundling window, there could be two options 1) No DL grant is transmitted. Then only HARQ bits before UL DAI is feed-backed. 2) Maximum HARQ bits are assumed. Feedback for those later subframes is generated as DTX if no assignment is detected. 

If UL DAI is not available in this UL grant, always assuming maximum bundling window size is preferable. But we don’t think it often happens.

	NSN, Nokia
	This issue already exist in Rel.11 Inter-band TDD CA. For the problematic cases in Rel.11, the UL DAI still can be used by UE to determine HARQ-ACK bits, and eNB guarantee the UL DAI value is correct. Basically it’s  the implementation solution. Following same logic and implementation, no specification change is required for eIMTA.

	Qualcomm
	As shown in CATT’s table 1, the unreliable UL DAI issues is valid for most possible combination of UL and DL reference configuration (also valid for SIB1 configuration 0 dependent on the conclusion of the first bullet). If we use the existing solution for PUSCH not scheduled based on UL grant, it means the 2bits UL DAI in DCI format 0/4 is most probably useless for eIMTA. Therefore, we need firstly to agree the content of UL DAI in such cases. If the value of UL DAI indicates the number of scheduled DL subframe till the DL subframe of UL grant, this information shall be used to determine HARQ-ACK payload size. Then the question is how to determine the number of HARQ-ACK bits for remaining DL subframes in the bundling window according to DL reference configuration. A simple solution is as indicated by Intel and Panasonic that UE can always map HARQ-ACK for the remaining DL subframes with DTX for subframe with no DL assignment.

	Potevio
	We prefer reusing existing mechanism, i.e. for the problematic cases shown in CATT’s table 1, the size of HARQ-ACK is determined by the size of bundling window M according to DL reference configuration, while for other cases, the size of HARQ-ACK is determined by UL DAI.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	We agree with many other companies that we do not need to change the definition of the field. Basically the UL DAI is still used by the UE to determine HARQ-ACK bits, and it is up to the eNB implementation in terms of how to set UL DAI value (i.e. how to handle the remaining DL SFs).

	LGE
	We have a similar view with NSN. Even for the problematic case, if the UL DAI field is valid, the UL DAI can be used to determine the number of HARQ-ACK bits because the value of UL DAI is properly determined by eNB implementation, with consideration for the additional number of DL SFs (within the bundling window) which will be scheduled.

	Samsung
	As mentioned by others, this issue already exists in Rel-11 TDD inter-band CA. eNB scheduler implementation was deemed sufficient to address it and the same holds in the case of eIMTA. For example, an eNB can set the UL DAI to the bundling window size or to a smaller value.

	Texas Instruments
	Same view as some other companies that the same handling as for Rel-11 inter-band CA can be followed here when DAI is present. If there is no DAI the UE assumes the number of DL subframes to generate feedback for is the size of the bundling window, M.


2.1 Summary of companies’ views for HARQ-ACK transmission on PUSCH when UL DAI is not transmitted in the latest subframe of bundling window
If UL DAI exists in DCI format 0/4, the number of HARQ-ACK bits for transmission on PUSCH can be determined by following alternatives:

Alternative 1: The number of HARQ-ACK bits is determined by UL DAI and no further specification is required.
· 
Supporting companies: Ericsson, Sharp, Panasonic ,NSN, Nokia, ALU, ASB, LGE, Samsung, Texas Instruments, ZTE (1st preference)  
Alternative 2: The number of HARQ-ACK bits is determined by the size of bundling window.
Alternative 2-1: The number of HARQ-ACK bits is determined by the size of the bundling window for the DL HARQ timing reference configuration.
Alternative 2-2: The number of HARQ-ACK bits is determined by the size of the bundling window of actually used TDD UL-DL configuration.
Alternative 2-3: The number of HARQ-ACK bits is determined by the sum of UL DAI plus X, where X is determined from the size of the bundling window for the DL HARQ timing reference configuration and the number of DL subframes located after the DL subframe used to transmit UL_grant.  

· Supporting companies*: CATT, NEC, Intel, ZTE(2nd preference), Huawei, HiSilicon, InterDigital, Potevio,  Panasonic, Qualcomm
* Supporting companies share the similar views that the number of HARQ-ACK bits is determined by the size of bundling window, but they may not support all alternatives (2-1, 2-2, 2-3) under alternative 2.
Alternative 3: Cross-subframe scheduling
· Supporting companies: NEC
If UL DAI does not exist in DCI format 0/4, the number of HARQ-ACK bits for transmission on PUSCH can be determined by following alternatives:

Alternative 1: The number of HARQ-ACK bits is determined by the size of the bundling window for the DL HARQ timing reference configuration.
· Supporting companies: Ericsson, Panasonic, Texas Instruments, ZTE
Alternative 2: Determining the number of HARQ-ACK bits based on whether a UE receives UL grant which schedules PUSCH in a flexible UL subframe, since the UE already knows that a certain set of flexible subframes cannot be used for PDSCH transmissions.
· Supporting companies: LGE
2.2 Suggested proposals from email discussion:
1. For the case where UL DAI does not exist in DCI format 0/4, the email discussion rapporteur suggests to continue discussion in the RAN1 76 meeting on alternatives 1 and 2, since this issue is not fully discussed by all companies, and no consensus can be achieved. 
2. For the case where UL DAI exists in DCI format 0/4, the email discussion rapporteur suggests to continue discussion in the RAN1 76 meeting on alternatives 1 and 2, since they have support from a majority of companies.









